I. INTRODUCTION
According to international empirical evidence, a new and complex production organization strategy is currently being developed. This strategy, called fragmentation of production, favours the splitting up of production processes into more specialized and discernible phases in order to obtain the most efficient producer and location for each product or component.
It is devised mainly by developed-countries' enterprises, which face a very competitive market where, on the one hand, products coming from developing countries are highly competitive due to lower labour and production costs and, on the other hand, customers demand highly differentiated products. The main aim of adopting it is to take advantage of specialization and scale economies in components or other production tasks by specialized suppliers as well as to gain flexibility to respond to demand changes quickly i . In this way, firms specialize in those activities or phases where they have a competitive edge seeking to improve production efficiency, and consequently, their competitiveness.
Two dimensions of fragmentation can be distinguished (Curzon Price, 2001; Kimura and Ando, 2005) : an ownership dimension and a geographical dimension (Figure 1 ). The first one refers to the controllability of a firm over fragmented production and the second one does to the geographical location of that segmented production. One of the most important features of fragmentation of production is that more and more often goes beyond the boundaries of the firm.
When the segmented production is carried out by other independent firms, the term outsourcing ii is used. Outsourcing comprises dimensions 2 and 3 of fragmentation of production in Figure 1 . It is important to note that even though there is no direct shareholder control over the segmented phases, it does not mean that there is not any control over them at all. Transactions cannot be considered completely independent market transactions for two reasons: firstly, because the relationship between companies has a long-term nature, and secondly, because of the great quantity of information, such as detailed instructions and specifications, which the external provider receives. As Curzon Price (2001) points out, outsourcing lies somewhere in between F o r P e e r R e v i e w 3 total ownership and complete arm's length transactions. Moreover, the externalized production can be outsourced to suppliers located abroad (international or foreign or cross-border outsourcing) or to domestic providers (national or domestic outsourcing).
Outsourcing of production is thus understood as a process of vertical disintegration of the value chain where some phases or even the whole production process are now contracting out to external enterprises instead of performing inside the firm. This is the aspect of fragmentation we want to study. Our data can not allow to distinguish between national or foreign suppliers, so we focus on total outsourcing which comprises domestic and cross-border outsourcing.
Understanding what factors determine the intensity of total outsourcing production using panel data is the object of the present paper.
In spite of the increasingly use of outsourcing of production activities according to business press iii and academic literature, empirical research about its determinants remains very limited: Kimura (2001) and Tomiura (2005) for Japanese manufacturing industry, Görg and Hanley (2004) for Irish electronics industry, Girma and Görg (2004) for some UK manufacturing industries and Holl (2004) for Spanish manufacturing industry. Of these, only the last three are panel data instead of cross-section analysis and exclusively Görg and Hanley (2004) and Girma and Görg (2004) try to infer the factors that may affect the level of outsourcing, whereas Holl (2004) focuses on the determinants of the probability that a firm does take the decision of outsourcing using a probit model.
Hence, as far as the author knows, our study is the first on the determinants of outsourcing intensity using panel data for the Spanish manufacturing industry. The estimation includes the GMM approach proposed by Blundell and Bond (1998) capture the outsourcing of the final production stage, the assembly or specific production tasks.
For these reasons, we use an indicator that fulfils these required conditions. This is
Production works done by other firms which refers to tasks which being a part of the own production process are carried out by other firms. It involves contracting out manufacturing of parts and components and also any stage of the production process such as product design or specific tasks (for instance, in the textile industry, tailoring or press ironing) or even the final assembly iv . That is, neither external services such as maintenance of fixed assets, accounting, consulting, cleaning, transportation, etc., nor purchases of raw materials and supplies such as office materials or fuel are included. Subcontracts are included within this concept v .
The paper is structured as follows. In the next section, we briefly review previous literature on the determinants of outsourcing. In section III we describe the data set used for the empirical analysis and then we present some descriptive statistics as well as the econometric model. The results of the empirical estimation are showed in section IV. Lastly, in section V, some conclusions are made.
II. DETERMINANTS OF OURTSOURCING OF INTERNAL PRODUCTION.
Companies will opt for outsourcing when externalisation of certain value chain phases allows them to reduce costs and when de-internalizing has more advantages than in-house production. The technological revolution that has taken place in last decades has allowed for a significant drop in the costs associated with finding information, transport communication and 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  P  e  e  r  R  e  v  i  e  w   5 business coordination, lowering the transaction costs and augmenting the possibilities for outsourcing.
According to transaction cost theory (Coase, 1937; Williamson, 1975) If firms outsource in order to reduce costs relative to in-house production and, therefore, to increase efficiency, we would expect that those firms and sectors where the labour costs are higher were more active in outsourcing strategy. To test the relevance of the labour cost-saving motive for outsourcing, Girma and Görg (2004) include the wage rates for skilled and unskilled workers. However, they do not obtain conclusive results. The sign of the coefficient changes depending on the manufacturing industry and on the estimation technique and frequently the variable is statistically insignificant. Görg and Hanley (2004) introduce the average wage per employee when they investigate outsourcing determinants. They also find that the effect of wages is statistically insignificant and not robust to different estimation techniques. Holl (2004) does obtain a positive and significant coefficient of the wages on the probability of subcontracting products, parts and components.
In our opinion, a variable more relevant than wage is unit labour cost, that is, the remuneration of labour to produce one unit of output. more outsourcing because the cost cutting motive will be more important. But those high wages could respond to higher efficiency due to high skills, resulting in lower unit labour costs. That is, it would be the wage, once productivity differences are taken into account, one of the key drivers of outsourcing. Hence, we expect that high unit labour cost manufacturing industries tended to contract out more production works than the rest viii . This result would confirm the initial hypothesis that fragmentation of internal production is an strategy carried out by developedcountry firms in order to improve their efficiency in a context of strong competitiveness coming from cheaper labour regions.
As Abraham and Taylor (1996) suggest, the cost savings derived from outsourcing can be obtained by two ways: first, exploiting the economies of scale in producing these specialized components or phases which are being contracted out (outsourcing for specialization) and, second, turning fixed costs in variable costs and gaining flexibility if there are frequents fluctuations in the product demand (outsourcing for capacity).
The specialization motive for outsourcing introduces firm size as a determinant of this strategy. There may be economies of scale in the production of specific inputs and, in this sense, size variable have to be considered to control for this scale economies effect. Since small and medium enterprises will have more difficulties to reap the minimum efficient scale, they will opt more intensively for outsourcing.
Nevertheless, we also argue that outsourcing is an strategy for gaining flexibility that allows large firms to reduce their rigidity. In a very strong competence environment, a high grade of product differentiation is increasingly required. Consumers demand more and more specific product characteristics and firms have to achieve flexibility to adapt to changes in consumer wishes. Contracting out the manufacturing of specific components or tasks is one of the alternatives to obtain it. That is, firms would tend to back to the basics focussing on those activities where they are more efficient and outsourcing the rest. In this sense, large firms have more incentives to carried out this process of vertically de-integration of production structures. Another reason to expect a positive relationship between size and outsourcing intensity is proposed by Tomiura (2005) , who suggests that smaller firms could face to higher search costs, that is, due to stronger market power large firms might find contracting partners more easily.
The sign of firm size is, therefore, ambiguous. Whereas empirical works such as Holl (2004) have obtained positive coefficients, the sign is negative in Görg and Hanley (2004) . This last study, however, excludes small firms because it uses a Survey that provides information only for firms with thirty or more employees.
The size or thickness of the market is also related with the outsourcing intensity. The larger the market, the more chance of finding a good external supplier and, therefore, more likely to engage in outsourcing. Grossman and Helpman (2002) and McLaren (2000) consider the effects of market thickness on the outsourcing of intermediate inputs in their transaction cost models where the trade off between vertical integration and outsourcing is investigated. Since international trade increases the ease for a firm to math with an specialized input provider, one expects that higher international trade lead to a rise in outsourcing through an increase in market thickness. Empirical works such as Görg and Hanley (2004) introduce export propensity pointing that export propensity may have a positive effect on outsourcing. It could be argued that the more a company exports, the more the possibilities there are in finding specialized foreign suppliers.
Previous works usually control for ownership nationality. According to Görg and Hanley (2004) and Girma and Görg (2004) , since foreign firms are part of an international network competing in a global market, the potential to contract out to more efficient producers abroad increases. Hence, it could be assumed that they do more outsourcing than domestic firms.
However, if foreign affiliates are located in a country just for doing production tasks for the parent company, the possibility from these manufacturing plants for using subcontractors could decrease. The sign of national ownership variable is, as well as firm size, ambiguous and will be (Girma and Görg, 2004 ) but also negative signs (Holl, 2004; Görg and Hanley, 2004 ).
Finally, it seems reasonable that the decision about the outsourcing intensity in period t is related to the level of outsourcing in previous period t-1. The lagged dependent variable is taken into account to consider the persistence in the outsourcing decision (Girma and Görg, 2004) .
Moreover, Swenson (2004) shows that outsourcing exhibits hysteresis caused by sunk entry costs using data of the U.S. offshore assembly program. The existence of important transaction costs would explain the persistence in the outsourcing intensity. They are a key difficulty in the decision of outsourcing internal production according to the theoretical model by Grossman and Helpman (2002) . These costs will be higher in the first moments, when the outsourcing strategy is becoming to be used. There would be sunk entry costs associated with outsourcing strategy (such as search costs in finding a suitable provider). In following years, transaction costs probably will be decreasing and they will be compensated by the advantages of farming out parts of the production process. These explanatory variables and the expected signs in previous outsourcing literature are summarized in table 2.
III. DATA AND METHODOLOGY DESCRIPTION.
In order to investigate the determinants of outsourcing of internal production we use internal production. We measure outsourcing of internal production as the ratio of these production tasks carried out by other firms to gross output. If the ratio goes up, we interpret that manufacturing firms are replacing in-house production for external contract production. Products and Shipbuilding and Aerospace Industry. All of them show fragmentation levels well above 10% of gross production, and 20% for the last two sectors. According to this indicator, for the average Spanish manufacturing industry around 5% of output are production works contracted out to outside producers. Moreover, our data show that fragmentation of production has increased steadily in many sectors (average rise of 40% from 1993 to 2002) ix . Therefore, we find evidence of the growing disintegration of the production process and rising of outsourcing production activities in Spain.
In order to obtain more information about the characteristics of those sectors where outsourcing is more intensive, we use a classification which cluster industries by their typical input combinations: labour-intensive, technological-driven, capital intensive, marketing-driven and mainstream manufacturing industries (Peneder, 1999) . Outsourcing is common to all groups of industries. Nevertheless, it is more relevant for labour-intensive industries where most of these sectors shows outsourcing levels above average, many of them even above 10% of the gross production (which can be interpreted as a high level of outsourcing). So, we argue that industries producing goods intensive in labour relative to capital and technology seem to give stronger support to fragmentation based on contract out physical production to specialized producers than the rest of industries (Figure 3 ).
To analyse the determinants of outsourcing of internal production we consider the following regression equation which relates outsourcing intensity to a broad range of industry's characteristics: expect that high skill sectors gave stronger support to fragmentation based on contracting out production phases to specialized producers than the rest of the industries, mainly those production tasks more intensive in low skilled labour xi . For this reason, the model also includes a dummy variable to control for high skill requirements (DSKILLS), which takes on value 1 for sectors with high skill requirements and 0 for the rest using the Peneder (1999) classification.
This classification is based on the OECD's occupational data, which distinguish between white and blue-collar workers, on the one hand, and between high and low skilled labour on the other.
At last, 10 time dummies are introduced to control for period-specific effects.
The equation (1) represents a standard dynamic model, where lagged dependent variable is included among the regressors. Furthermore, we will treat the unit labour cost variable as endogenous, since it is conceivable that changes in outsourcing level lead to changes in future unit labour cost. For similar reasons, we consider the share of small firms and the export propensity ratio as not strictly exogenous and we also include these variables lagged.
We calculate the outsourcing intensity, the unit labour costs and the percentage of small firms from data of the Industrial Companies Survey. Data for the ownership are drawn from the firm level panel survey, the Survey of Firm Strategies (Encuesta sobre Estrategias . The time invariant variables are often difficult to measure or hard to obtain. For example, a sector-specific production technology may allow the dispersion of phases of production process better in that sector than in another sector. This production technology varies across sectors but it is not expected to change very much in a short time period.
Taking into account these three aspects (potential industry unobserved heterogeneity, dynamic nature of the model and endogeneity of some explanatory variables), the appropriate estimator is the Generalized Method of Moments (GMM) developed by Arellano and Bond (1991) . They suggest first differencing the model to get rid of the industry specific effects and then using valid instruments (lagged values of the instrumented variables) to deal with the problem that by construction the new error term is correlated with the lagged dependent variable.
The use of instruments is also required to control for the potential endogeneity of other explanatory variables. We use at least three lagged values of unit labour cost as instruments for the equations in first differences to control for the potential influence of current outsourcing level on current unit labour cost. The same lagged values are chosen for the rest of the endogenous variables. Since national ownership is assumed to be strictly exogenous, it is instrumented with itself.
A draw back of the difference GMM estimator of Arellano and Bond (1991) is that when first differences are taken, time invariant variables are wiped out. So, the estimator does not use cross sectional information reflected in the differences between industries. Another disadvantage is that lagged levels are often poor instruments for the equation in differences, especially in the Arellano and Bover (1995) and Blundell and Bond (1998) . This estimator is based on an augmented system that includes the regression in differences in addition to the regression in levels with lagged differences as instruments. The second part of the system requires the additional assumption of no correlation between the variables in differences and the unobserved industry effects, although there may be correlation between the levels of the explanatory variables and the fixed effects.
Some summary statistics for the variables used are provided in Table 3 . We observe that, in manufacturing industry labour cost are about 20 percent of the output value and about 30 percent of the output is sold to foreign markets. In addition to, small firms as well as firms without any foreign participation are clearly predominant in Spanish industry (around 80 percent of total industries). Table 4 presents the simple correlations between pairs of variables. Since the correlations between the independent variables are small (except between the shares of small firms and national firms), we interpret there are not multicollinearity problem in the regressions.
In addition, we see that outsourcing is positively correlated with most of the independent variables, mainly with levels of the unit labour costs, the proportion of domestic firms and the high skill requirements. Nevertheless, the outsourcing intensity is determined jointly with these variables and other factors which have to be controlled. For these reasons, an econometric analysis is applied.
IV. ECONOMETRIC RESULTS.
The results of the econometric analysis are reported in Table 5 . The first column presents the outcomes from the estimation of equation (1) using GMM system procedure. The positive and significant coefficient of lagged dependent variable indicates a high degree of persistence in outsourcing strategy. Moreover, in line with our prior expectations, higher unit labour costs are related to higher level of outsourcing. We can interpret that sectors tend to use fragmentation of production as a defensive strategy trying to improve their competitiveness. The positive and significant coefficient of unit labour cost is an important result because it provides empirical evidence of the cost-cutting motive for outsourcing. Additionally, according to the positive link between the share of domestic firms and the outsourcing level, as the percentage of national firms increases, so do outsourcing activities. This result would contradict that foreign firms were more prone to contract out internal production. In our opinion, this is because the last have been located in Spain as production affiliates carrying out parts of the production process for the parent firm. Moreover, the dummy variable high skill requirements exhibits a positive and significant sign showing that industries intensive in high skilled-labour tend to farm out internal production more intensively. Lastly, two variables, the percentage of small firms and the export propensity, are statistically insignificant. Most of the time dummy variables are highly significant although, in order to spare space, the coefficients are omitted from the results table.
Consistency of the GMM estimators depends on the validity of the instruments which is examined by four specifications tests. The first is the Sargan test of overidentifying restriction.
The Sargan test does not reject the validity of the instruments employed in the estimation process. Since system GMM used additional moment conditions over the difference GMM, a Sargan Difference test can be employed to examine the validity of these additional instruments obtained from the equation in levels. The Sargan difference test does not rejected the validity of them ( 2 [8]=5.53). The validity of the instruments also requires the lack of second order serial correlation in the dynamic formulation whereas, by construction, first-order correlation is expected even with uncorrelated original error term. Two additional tests are included to examine the absence serial correlation in first differenced residuals. The null hypothesis of no second order correlation cannot be rejected and we can conclude that original error is not serially correlated. We test the robustness of the regressions by removing those variables which do not have a significant impact on the dependent variable. The column 2 of Table 5 presents the results from the estimation of equation (1) excluding the share of small firms whereas we have removed the export propensity in the column 3. According to the System GMM estimations, the positive coefficients for previous outsourcing intensity, unit labour cost, national ownership and skill requirements remain robust. Moreover, the negative coefficient of the share of small firms turns out significant when export propensity is not included. According to this result, those sectors where the share of small firms is lower outsource more internal production than the rest, pointing the existence of less difficulties in searching specialized outside producers for large firms.
Taking into account the interaction between the share of small firms and the export propensity variable, we use a variable for international market penetration measured as the percentage of firms in each sector whose main market is foreign 
V. CONCLUSIONS.
In this paper we have investigated the determinants of outsourcing of internal production using industry level data for Spanish economy. Our study covers 93 manufacturing sectors and the period 1993-2002. We observe that manufacturing industries are fragmenting the value chain and they are opting increasingly for contracting out production works to specialized providers.
We test a model where the outsourcing intensity at industry-level depends on lagged level of outsourcing, unit labour cost, share of domestic firms, proportion of small firms, export propensity and skill requirements. We employ the system-GMM estimator proposed by Blundell and Bond (1998) that provides better instruments when right-hand variables are persistent over time.
We find that current level of outsourcing is highly related to previous outsourcing intensity, that is, outsourcing exhibits hysteresis. The market transaction costs associated to contracting out production are probably higher when firms make the decision of outsourcing (some of them are even sunk costs). In due course, some of these costs will be reduced and so the advantages of in-house production will be dropped. Therefore, if firms are achieving their objectives of gaining flexibility and decreasing costs, the outsourcing strategy will be used more and more intensively allowing firms to concentrate on their innermost core competence.
Furthermore, our results show that the unit labour costs affect positively the ratio of production works that are contracted out to external providers related to output. The pressure of low-cost competitors could be more intensive in manufacturing industries with higher unit labour costs and, therefore, they would be mostly encouraged to outsource production works to cheap and specialized contract manufacturers. We find significant evidence for the positive link between the outsourcing intensity and the share of domestic firms, the orientation to foreign markets as well as the high skill requirements. Finally, we observe a negative effect of the share of small firms on outsourcing intensity. Notes: Standard errors in parenthesis; statistically significant * at 10%, ** at 5*, *** at 1%. All equations include year dummies. AR(1) and AR(2) are tests of first and second order serial correlation. Sargan is a test of the over-identifiying restrictions (twostep estimations). P-values below 0.05 suggest a rejection of the validity of the instruments at the 5% critical level. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Piore and Saber (1984) . The higher flexibility can be obtained through flexible production which allows firms to adapt standardized inputs to a variety of specifications (Eckel, 2004) . Through flexible production, firms can alter the final goods they provide according to the specific needs or desires of their customers. ii Nevertheless, fragmentation of production and outsourcing are often treated as synonymous. The term outsourcing comes from the compound expression "outside resource using". Along this paper, the terms outside and external refer to outside or external to the firm.
iii The Economist has recently published a survey of outsourcing, in which is pointed that "manufacturing has already gone a long way down the road of outsourcing" (The Economist, November 13 th 2004). iv Tomiura (2005) employs a similar indicator but, as pointed out above, he uses cross-section data. Holl (2004) opt for a narrower indicator, the subcontracting of products, parts and components, to study the probability of outsourcing. At last, Girma and Görg (2004) use a bit wider measure, the industrial services receive, which comprises activities such as processing of inputs but also certain services as maintenance of production machinery or engineering services. v Various types of outsourcing exist in the manufacturing industries depending on the relationship between the principal and the third-party company. Subcontracting is a particular case where a "dominant/dominated" relationship is created. Specifically, subcontracts correspond to the relationship between two companies (the subcontractor and the main contractor), where the subcontractor company participates in the production process of a particular product, which belongs to the contractor company. The subcontract conditions require the main contractor to provide a diagram and precise technical specifications for the manufacture of the product, as well as the supply of its main raw materials. vi In the context of transaction costs and contractual incompleteness Grossman and Helpman (2002) examine theoretically the decision between outsourcing or vertical integration of intermediate inputs (make or buy decision) taking into account the costs that arise from search frictions and imperfect contracting and the costs of running a larger and less specialized organization. To consider the international dimension as well as the ownership dimension, Antras and Helpman (2004) develop a theoretical framework in which, based on productivity and sectoral characteristics, firms decide whether to integrate into the production of intermediate inputs or outsource them and firms also choose the location of inputs production (at home or abroad). vii A strategic motive can be added to these usual motives for outsourcing when a firm outsourcing decision affects the rivals' outsourcing decisions and the firm takes into account it in the decision process. Shy and Stenbacka (2003) and Buehler and Haucap (2006) study how firms may strategically outsource the productions of inputs analysing the trade-off between the fixed cost of investing into in-house production facilities for an input or the higher marginal cost for sourcing the input over the market (which is caused by changes in input demand and inputs prices). viii This hypothesis is in accordance to Antras (2003) who using a model of outsourcing based on the property rights approach shows that final goods in the capital-intensive sector are produced under vertical integration whereas those in the labour-intensive sector are outsourced. ix This increase is higher than the average scored by German manufacturing enterprises, which has placed in 27% for the period 1992-2000 according to Görzig and Stephan (2002) . However, it should be noted that the fragmentation processes in German industry had most probably taken place before the 1990s. x The sector "Manufacture of office machiney and computers" has been removed from the econometric analysis. The data in 2002 show a sharp decrease of output which is not present in employment or number of enterprises suggesting a measure error for that year. Since the indicador of outsourcing used is calculated related to output, the level of fragmentation will be overestimated. xi Although some American and British firms have already begun to outsource some of their business services abroad (so far mostly to India), the outsourcing of white-collar work is still only emerging (The Economist, November 13 th 2004). xii Following Piga and Vivarelli (2003) those firms which face tougher foreign competition may exhibit a stronger tendency to cooperate. For this reason, we also could expect that firms competing in international markets were more prone to engage in outsourcing agreements. xiii The author is grateful to the anonymous referee for this suggestion.
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